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The purpose of this program was to document and pass
on experience to current and future generations of flight
control engineers, hopefully, to prevent costly rediscovery
of past mistakes and to stimulate trade studies between
possible competing mechanizational approaches.
The documentation is divided into two volumes. Vol-
ume I (NASA CR-2500) contains the technical discussion
while this volume is a compendium of stability augmenta-
tion system and autopilot block diagrams and descriptive
material for 48 different types of aircraft. These provide
a broad representation of the many mechanizational
approaches which have been employed in the past.
























This volume contains a compendiumof 8ASand autopilot block diagrams
for some48 attack, bomber, cargo, drone, fighter, research, and transport
type aircraft. It also contains references to specific documentsfrom
which information was gleaned for this study.
This compendiumincorporates and expandsupon an earlier effort (Ref. 67)
initiated by the A-18 AerospaceControl and GuidanceSystemsCommitteeof the
Society of Automotive Engineers. It is by no meansa complete exposition
of systemspast and present. There are manysystemsfor which no informa-
tion was available, and there are others for which the information available
was incomplete or conflicting, and therefore not included here.
An initial attempt wasmadeto put all block diagrams into a consistent
format which identified functional blocks and associated transfer charac-
teristics, functional switching, etc. However, it rapidly becameapparent
that such a task wasbeyondthe scope of this program. Therefore in most
instances the diagramspresented here have been reproduced directly from
the original documentslisted in the references. In all probability
they reflect but one version of systemswhich mayhave undergoneseveral
modifications. Consequently, additions or revisions are solicited from
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C-5 A Pitch Autopilot: Radar Approach,
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XC-142A Pitch Control System Block Diagram
CO






























/ PITCH I r--I i
/ FORCE _--_ qc I'-)l
/TRANSDUCERI LTJ I
J
._[ ROLL IATTITUDE I





























I SERVO I I
EGI79AI /FEEDBACKI 'I
SERVO L_JELEVATORLJ
AMPLIFIERI "I SERVO I





K DENOTES A MULTIPLIER CONSTANT
qc DENOTES AIRSPEED SCHEDULING





382 I CSS EGIBOA4 II
-ISIGNAL CONTROL I_---o-_ _--" AMPLIFIERp "--J





































































PRE- I SERVO I JELEVATOR
[-_--'IAMPLIFIER IAMPLIFIER[ "1 SERVO












K DENOTES A MULTIPLIER CONSTANT
qc DENOTES AIRSPEED SCHEDULING
_ENGAGE CSS DENOTES CONTROL STICK STEERING
S-2D/S-2E Pitch Axis
(---t-- "1
., co.-_.o,_I _ I s_.voI ',
WHEEL _"
I A EGI56A4 .I EGI55A3 EGI79AI 1ROLL EG 56 3 CS H EGI55A3S SERVO IGH











. I EG'56A31---*(_ DEMODULATOR CSSDENOTESCONTROLSTICK
_' [ 6A3A6 HEADING (_ STEERING
•_ DEMODULATOR
T I 6A3A3
II 9373B2 IIEG,BOA4 ,SENGAGE.CSS.
SIGNAL _ HEADING
_-_AMPLIFIER
: "/ CONTROL i i 6A3AII 6A3A2 $ ENGAGE
E- 1B Roll Axis
.jCONT,OLI . IsE,voI:
WHEEL 1 I I" ' I . IFEEDBACKI ;I,,, "ROLL EGI56A3 CSS S ERVO HIGH EGI55A3 II /FORCE DEMODULATOR,. IAMPLIFIER. PRE- AILERONL_ DEMODULATOR PASS AMPLIFIER AMPLIFIER SERVO J
TRANSDUCER 6A3A9 6A3A8 J I ] 6A3A7 / 6A3A4 6A3A5





937382 ___ EMGIBOA4 DISENGAGE, CSS,
t SIGNAL A PLIFIERj _7 EEADING
• ROLL CONTROL
























i !. e°'-"A .I i_




/ I _T.ZO ._.',_Z,_
, _, i _ _----_
!' "v'z_ _
° ....
_'-_ ....'_'_ 7 ,_/'i'iX!_ .
___ a.- .... f _', I _m_
! _ " t,l+ _ s t _)_ _ _i \ j W;'.._:- m-I _ _m_ ioo /f i! #, ' \ . AI'OR t
i .................. ' _ ilI \ _. " i
I _ _"-"'_ _- ' _ i i t sY_cm_o !
t __, _ I _ _lh
! _, _'tS'_ . o . G- 2iP' c O,'_#_h"Di
iI
I , ,


















I K_s I(s+40)(s+lO0) _
Derived Rote


















_I Actuator A/F (V.G.)
Derived Rate




































i i m i
/4 AN_'/,/V _ R
CoNTRoL_.ER,
I_._ _ l.,_,._.r I
Ri/,JCF
FDH ROLl CHANNEL
©_ TC _ A/N
G,y_o r. NA_GE
CAHClELL_I_ SERIE_ RUE_D_'R _UDD_,_


























_o_s _--_7r;__--: _! --11
I I r:AIN (C_t) I I _ I I
I L____J
'r li11 ^Ll ,,I U_.'C I ION I I -_-I" ..... JI!
I It- ..... -I
GAIN (IASt)




C A,_CE It. [R
AIIENuAIOR


















, t r ]
I • 2 I/2 LB _ AUTOMATfC
- ; FOIEE PIT CPI _' R _h'_ I
LI-INK SWITCH I-' .... "l CIRCUI,'_, I
.__T--__J lj ...... J STA_ lI.A' OR /""_
I
' i l_..... "I
I
-- .... T -- -- J" ---1
I t o-.'._,lo,_ :
I PAqAtLEL I CYLIh#[_ER _'* .... _
OPt P_T ION I I
I t. .... j .... J
/ STA31LA TOR POWER
.__.J CONIIK_L CYLI_._ R
I. THO_E ITEMS SHCJ_VN _Y DUllED LIN_S AR_ NOT COMPON-
ENTS OF TH1E AN/ASA-32H.
2. TH_ ENI"IR_ DIAGRAM USED IN AFCS MO0{. TH[ I_MS WITH
SHADED OUTLINE _ UTILIZED IN STAB-AUG MODE.
PITCH CHANNEL
:::!::!_!_!!:Z!i`_L:_!::;!:::i_::!:!!:1:_(_.!::_::i:i:_!¢`_L_`_i:_`:_i:_:_:_`_:B?_:_<_$`_!_:_`_3!_:i:_!_$_:i:i:!:_@_#_:_ ' ,._^ ._.. ,,._.t..,..,..'...,_...._._ ........... .._:..,...,,_.,..,_.,,.:-_.,_.,..+¢_,..-..>.._>.,:P_._.>, _.._. .,_._._._ ........ ..... :....,.:,.,..,., ,,, > .......
ROLL CHANNEL ,_'G_T
CONTROl. AMPI.IFIER r OA_ 1 SPCIt-_¢_ ['T'_ Je"'i7
, SIAR_ .D . ! ,J / I I
_ STASOA:'_ I i i LATC-;_ILSEII_S _--'J"---1 F:_,',_K l / --t/ /
SI_VO I I , S_vO t CY_zD_ _
AT:£_- F "'PL'"" L'J I i. ....... ._ L..... ._ ......
l i f "_T" _'--'_ \ _\\





t _Jb_[ R POW_
,!"'";"'! t L- '
A;V
RA_E Iii













































I IDIRECTIONAL h I TR!M
cTUTR_0L ROGL_ %AT__:)" ]
COUPLER |--













.tFC) INDICATES BLOCK FUNCTIONS WHICH ARE PART OF THE FLIGHT CONTROLLER - WG187.B-1
SH,A, DED BLOCKS INDICATE AUTOMATIC GAIN CONTROL FUNCTIONS OF THE AIRSPEED COIVlPENSATOR - PG70078-.1
f (q) INDICATES GAIN IS VARIED AS A FUNCTION OF" DIFFERENTIAL PRESSURE
f ('rAS} INDICATES G_.IN IS VARIED AS A FUNCTION OF TRUE AIR ._PEED
(_ SYMBOL INDICATES SIGNAL SUMMING
/
I SERVO I [AILERONill
_ AMPLIFIER _ SERVO I'_ TO AILERON
CABLES
CAGEABLE I_
VERTICAL t . _ , .
I GYR0 _ i I
JGL_L_.44A__JI! . i
.._ _----.._ I SERV0 II [ELEVATOR I / I
r, _ AMPL{FIER _ SERv0
" _ I RGTO64A-I i_ - I MG7OOIA-20B I

















j/_ OltS.N _I[N AUIOPILOI IS [NGAGI.D.
j_ _OS(0 W_N _EADI_ C_MmOL IS
[_G_(D IX(IF? WH(N MACH CON-
1ROt IS AI.SO (kGAGI.D.
A CLO$[D 10 A W',4114MACH CO_II_
I$ (_._,,l.O, 10 II m4114 N.1 CON-
IIKX 15 [kT, AGED.
Z_ CLOS[D 10 | WH[ll ALT COMIICL I$
INIGAGI+O+l/_ CLOSED _ At*lO LAIS I_+llW.
,/_ CLOSI'D 10 A ON AUIO-IADS IIU_IN,
10 f ON ALeIO-LAIIS PULL+I_.
CLO$[D 10 A ON AUtO-LABS PIJU.-UP.
10 I licit4 R01L-OUT lliLAY IS [kEII-
GIZ[D.
A CJ+OSED WHEN kUIOPILm IS 0IS(M*
G_t,,[D. WH[N IIAMK AMG£..[ (XCEDS
60O, WH(t+ P11C14 AI_L[ (XC._S
S_. WH[N MACH OR ALl COk']iOL I$
[_,AG[D, WP(l_ C$S IS OI_IIAT[.O
AND Dl_ltdG AUIO-LAi$ PULL-U/'.
d_ CLOUD 10 II WH(_ 14ikCit OI ALl
CONTROL IS [N(,.AG[D. _41GM GAIN
ON VUOCIIY FUDIIACI( CAU.T_S MO-
TOQ 10 IIU_ Wiry SLOWLY |1415 IS
[OiilVlliflll 10 A HIC_I-FA$$ N[I'-
WOItI( WI1H A LON*G TIM[ C,ONS_IAN],I
OPlll li_[tl AOIOPltOi I$ OISili-
G_(0. WH[_ lIAr( _ [XC(ED$
iO O. WHEN PIICH ANG_ [XP.I(O$
_+ D_14G AUTO-LAI$ P_l-UP Akll
w_14 C$S 15 OP'IPA_D
CLOSED vw(14 G$$ I$ OP(llAI_+
,/_ CSS D(_T(S COi_lIOL SliCK _[E1-
II_- I_liO SI[ICK5 Cmllr-lOOF
J_{)N¢I CUQ AI ION, I
CIOSIS 4 $ $IC_$ Nr'_l LAIS PUtt-
UP SIARI$+ OP|m WH[N AIRC_
IIt_CP($ A_d(,L,t _ _LI. s{'rlING ON
V£ciC,q GY;'01114tS N[TVeO_K IS NOt
I_/CLUD(D 114 PHAS[ II GoMrI'GUI_A -
TI+ON.i
_ IklOICARS GAIN SCli[DIIL[O AS A
FUNCIIOII OF AIilSP([D.
r---] ik'_lCM[s GAIN scHr_UL[I) AS A |U14L'r ION 0r Mk_H IlUMIOI.. t



















,/_ OPEN Wt4[N AUIOPILOI IS rNGACED.
L_ CLOSED WHEN RO(L-OUT RELAY IS AUTO-LAI$EN[I_I?TO AT END OF
PULL -UP.
//_ CLOSED DURING AUTO-LABS PUL.L-UtL
_ C_OS[D DURING AUTO.LABS PULL-LPP.
CLOS[D 10 POSIIlON !1 WHEN ROLL.OUT RnAy '1S [NERIGIZEO.
OP[N WHEN ROLL-OUI RELAY IS |NER{;IZED.
CLOSED 10 POSITION A DURING LABS RUN-IN, CLOS[D 1"0 POSITION II
DUPING AUTO.LAIR5 PULL-UP.
OPEN W'_'W AUIOPlE01 1S DISENGAGED, WHEN BANK ANGLE [XCIIDS
60o, WH[N PITCH ANGL| [XCE[DS ._,0O, WHEN CSS IS OPERATED AND
DURING AUTO-_.ABS PULL-UP.
OPEN WHEN HtADING CO_,'IROL IS ENGAGED IHEADING CO_IROL IS IN-
GAG[I) _'HEN BANK ANCL[ IS L(SS IHAN T-|120 IF C$S IS NOI OP{RAT[ I_,
RI1CH AhGLE IS LESS 1HAN _ AND AU10-LABS IS NOT [NGAGED.I
CLOSED W_N/_ IS OPEN - ALSO CLOS,[D WHEN HIA01NG CON1ROL IS
E_,GAC.f D
CLOSED 10 B WHEN fl[ADING CONTROL iS (NGAG[D. It_[[ HOlE 9.1
CLOS_D I0 A _lt[N HEADING CONTROL IS NOT ENGAGED.
CSS DINOT[S CONTROL SLICK STEERING.
TWO STICKS AND INDICATORS ONF-IOOF CO/_IGURATION
INOJCAI[S GAIN SCHEDULED AS A FuNCIION OF AIRSPED,
I ROLL OUT I I RATE _ *',NO /
I COMMAND J ,, GYRO ; -I DISCR/
" ROLL AILERON
 R,ooE, ["E"oR l o' AU*O ,LO, TR,M
GENTERINGI I,_ I _R,_ II '_'ULSE_
AO OSTj Zm | , ,
TOPI T [_(_, -- __AUTOPILOT_ LO
" - F _1_ _1_ _ _K ; C I S E.R_.O I I SERVO ] I I ACTUATOR I
, ,, T T r__j- -, [,_,_, _ jl L --
I I _ _---.---tFOR ASYMMETRICAL_ --
STORES /
; [ COMPENSATION j AUTOPILOT
, Sr/,_SITIVE _ • p...i_1 < F'''--_ . [' PHASE i. ,<'x_ I u,4
_R[.CTIFIER COM _::. J
_ COMPASS/ F COMPASSI
, ]
SYNC AMPL p-_l SYNCHRONIZER I





















I I s£Rvo FE_=OSACK J
""J_ piTCH RATE
%2:-$;
'..c'.E,ST_'C/<(.AgO',,T36.5_ F[ET I LIMITS









SENVO _ _ I-1"H CO"T_OL ------
AvP___..J I S_S_M
__ s_Rvo I
_ NONUNE.&R _. ! Y,W RATIE I.
OPEN WHENRUDDE_PT.D/d.SARE PRESSED.
L_ PHASE I CO:qF|GURAT|ON
//_ OMIT BLOCKFOE PHASE I CONFIGURATION
,_ INO'ICATE_GAIN _,E'DUI._ AS AFLIk_T,iOMOF AIRSPEED.
'_ IMOICATESGAIN$CHEDt.E,ED/kS AFUNCTIONOFAIrItSPEEOANDMACH _M_ER.
YAW DAMPE_









,---,'(X_)--,_O(pI SeJwa I---ff SERVO _ SYSTErXI--------'
r ,.,,_.-----ilI ' r:.-_l
_'°"_"°"_<_/'''''°_':_'°"11o_,.,,,_ t_t o,,,o,
T i "" " I G,i'i't_,I
,,,T<:,, ,& I"':RT'CALL




[] INDICATES GAIN VARIED AS A FUNCTION OF INDICATED AIR SPE,ED
[] INDICATES lAIN VARIED AS A FUNCTION OF TRUE AIR SPEED
(FCilHDICATES PART OF FLIGHT CONTROLLER














I P_TCH ]CONTROLI_!",ICK STEERING
'iSERVOIAMPLIF:ER 1
CLOSED TO B WHEN MACH HOLD IS
ENGAGED AND CLOSED TO A WHEN
ALTIIUDE HOLD ':SENGAGED
CLOSED TO D WHEN FIRE CONTROL
MODE IS ENGAGED
OPEN FOR ATTITUDE HOLD
OPEN FOR CONTROL STI CK STEER-
ING AND FIRE CONTROL
CLOSED FOR PITCH ATTITUDE
HOLD
OPEN FGR MACH HOLD
CLOSED FOR ALTITUDE HOLD
CLOSED FOR BEAM GUI DANCE

















OPEN WHENAUIOPILOT IS ENGAGED.




CLOSED AFTER AUTOPILOT IS EN-
GAGED.
CLOSEDFOR FI RE CONTROLMODL
OPEN FORFIRE CONIROL MODE.


























ROLL RATE J_.GYRO -- -
LAGNETWORK
NOTE:
A THIS LOOP IS NOT IN CIRCUIT WHEN DAMPEROR AUTOPILOT IS ENGAGED.
LAG
NETWORK
]A CELEROME  F--
RUDDER TRIM
ADJUST
INDICATES GAIN SCHEDULED AS FUNCTION OF AIRSPEED.



















































iAa L AS i
i
















i,_,'_,: :,{"_o$ jL____ i















I I a_. &_R. D_Ta




F-I 1 1 Pitch Channel Functional Diagram
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X-15 Pitch Axis Configuration Block Diagram
AUTOPILOT i
' j















X-15 Yaw Axis Configuration
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Adaptable FCS Pitch Stability Augmentation System (F-4)
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Adaptable FCS Flight Condition Identifier (F-4)
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Adaptable FCS Pitch Autopilot Functions (F-4)
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Grumman F9F-2 Normal-Acceleration Control System
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AVRO Rudder Control System Including Yaw Damper
(Simplex with Comparison Monitor)
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F-tO0 Lear Rate Integratlng Autopilot
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